INTRODUCTION {#sec1-1}
============

Preeclampsia is a complex pregnancy disorder that has been associated with severe maternal, fetal, and neonatal complications. It is characterized by increased blood pressure (BP), proteinuria, vasospasm, increased peripheral vascular resistance, and reduced organ perfusion. Usually, it is associated with primigravid patients during the last trimester.[@ref1][@ref2]

The incidence of preeclampsia varies worldwide. The World Health Organization estimated that the incidence of preeclampsia is 7 times higher in developing countries (2.8% of live births) than in developed countries (0.4%).

Preeclampsia continues to be a leading cause of maternal mortality in both developed and developing countries.[@ref3] It is associated with a five-fold increase in mortality, which can increase several folds when necessary intervention is delayed especially when it has progressed to eclampsia.[@ref4][@ref5] Previous reports in Nigeria showed that preeclampsia and eclampsia are among the most common causes of maternal mortality. This has been attributed to poor health seeking behavior, availability of health care facilities, and trained personnel.[@ref6][@ref7]

Preeclampsia is diagnosed with BP of \>140/90 mmHg, in combination with proteinuria (300 mg/24 h or ≥1+ by dipstick) on at least 2 occasions measured at least 4 h apart.[@ref8] It is classified as mild by the presence of proteinuria of 1+, but without evidence of end-organ damage in the patient. However, it is classified as severe by the presence of proteinuria of more than 5 g in 24 h, or ≥3+ on 2 random urine samples. Other indicators of severe preeclampsia (SP) includes oliguria of \<500 ml in 24 h, pulmonary edema or cyanosis, visual or cerebral disturbance, impaired liver function, thrombocytopenia, hyperuricemia, epigastria or right upper quadrant pain and hemolysis, elevated liver enzymes, and low platelets (HELLP) syndrome.[@ref9][@ref10]

Although age, parity, social status, race, genetic factors, twin gestation, hydatidiform mole, obesity, smoking, hypolumberlordosis, chronic hypertension, diabetes mellitus (DM), and chronic renal disease are among several risk factors identified for preeclampsia, the mechanism by which preeclampsia develops is still not well understood.[@ref11] It has been shown that abnormal placentation, oxidative stress, vasoconstriction and thickening of vascular media, reduced uteroplacental perfusion, numerous maternal immunologic intolerance, and genetics are involved in the pathogenesis of preeclampsia.

There has been intense research on reliable biological markers that could predict the onset and even the severity of preeclampsia with a view to provide early medical intervention.[@ref12] One of such markers that have received much attention is copeptin.

Copeptin is a peptide containing 39 amino acids. It is co-secreted (in an equimolar ratio) with arginine vasopressin (AVP) from the neurohypophysis upon hemodynamic or osmotic stimuli.[@ref13] Compared to AVP, copeptin is stable both in serum and plasma at room temperature and can easily be measured as AVP surrogate.[@ref14] Earlier reports showed that copeptin is a potent predictor of preeclampsia and may be involved in its pathogenesis.[@ref10][@ref15] Furthermore, Santillan *et al*.[@ref16] recently showed that elevated maternal plasma copeptin is a highly significant predictor of preeclampsia as early as the 6^th^ week of gestation. Despite these available reports on the ability of copeptin to predict possible development of preeclampsia, there is a dearth of information on its relationship with pregnancy outcomes such as abruptio placenta, maternal death, ponderal index, Apgar score, and even fetal/neonatal death in women with preeclampsia. Thus, this serves as the basis for this study.

MATERIALS AND METHODS {#sec1-2}
=====================

Subjects {#sec2-1}
--------

A total of 90 pregnant women were consecutively recruited into this cohort study from the Antenatal Clinic and Labor Ward of the Department of Obstetrics and Gynecology, University College Hospital (UCH), Ibadan, Nigeria. They comprise 30 women with mild preeclampsia (MP), 30 with SP, and 30 normotensive pregnant women. All the participants were drug-naïve and were enrolled in the third trimester. The participants were followed up until discharge from the hospital.

Ethical consideration {#sec2-2}
---------------------

All participants were enrolled into this study after approval from the University of Ibadan/UCH (UI/UCH) Joint Ethics Committee (UI/13/0081). Written informed consent was also obtained from each participant.

Diagnosis of preeclampsia {#sec2-3}
-------------------------

Preeclampsia was diagnosed as defined by the National High Blood Pressure Education Program working Group on High Blood Pressure in Pregnancy.[@ref2] Briefly, it is defined as a BP of \>140 mmHg systolic or \>90 mmHg diastolic in a woman, who was normotensive before 20 weeks gestation, accompanied by proteinuria (0.3 g/24 h, which correlates with ≥30 mg/dl or ≥1+ reading on dipstick in a random urine determination with no evidence of urinary tract infection). Participants with BP of 160/110 mmHg or more and proteinuria of 3 + or more were classified as having SP whereas participants with BP of 140/90 mmHg or more and proteinuria of 1 + were classified as having MP. Participants considered as controls had no proteinuria and were normotensive.

Exclusion criteria {#sec2-4}
------------------

Pregnant women with human immunodeficiency virus, urinary tract infection, renal disease, DM, gestational DM, chronic hypertension, pregnancy induced hypertension multiple gestation, and those in active labor were excluded from this study. In addition, smokers, alcohol consumers, rhesus negative mothers, and pregnant women who had had any medical/surgical intervention or who had been placed on any medication to manage preeclampsia before enrolment were also excluded.

Data collection {#sec2-5}
---------------

A short structured questionnaire was administered on each participant to obtain information on demography, alcohol use, drug use, smoking habits, medications, and established diseases. In addition, the presence of seizure, duration of hospital stay due to preeclampsia, abruptio placenta, maternal death, birth weight, head circumference, Apgar score (at 5 min), ponderal index (infant weight divided by tripled length in kg/m^3^), and perinatal/fetal death were also documented.

Blood pressure and anthropometric measurement {#sec2-6}
---------------------------------------------

Height (m) was taken using a stadiometer. Body mass index (BMI) was calculated as the ratio of prepregnancy body weight (kg) to the square of height (m^2^). After at least 10 min of rest, BP was obtained with the patient in supine position using a mercury sphygmomanometer. Korotkoff phases 1 and 5 were used as recommended.[@ref2]

Sample collection {#sec2-7}
-----------------

About 10 ml of venous blood was collected from each participant and dispensed into lithium heparin and plain bottles to obtain plasma and serum, which were stored at −20°C until analyzed. In addition, 5 ml of random urine (midstream) was collected for urinalysis using dip stick method. All samples were collected at recruitment.

Assay methodology {#sec2-8}
-----------------

Serum copeptin level was measured using enzyme-linked immunosorbent assay (Glory Biosciences, USA). Levels of total protein, albumin, bilirubin, creatinine, and activities of aspartate (AST) and alanine aminotransferases (ALT) were measured colorimetrically using Randox reagents (Randox Laboratories, UK).

Statistical analysis {#sec2-9}
--------------------

Data analysis was done using SPSS, version 17.0 (IBM, Armonk, NY, USA). Comparison of variables between groups was done using one-way analysis of variance (ANOVA) followed by a *post-hoc* test. Prediction of the diagnostic property of copeptin was done by determining the area under the receiver operating characteristic curve while Pearson\'s correlation was used to test the association between variables. The relationship between qualitative variables was determined using Fisher\'s exact test. All tests were two-tailed, and *P* \< 0.05 was considered to be statistically significant.

RESULTS {#sec1-3}
=======

The anthropometric, clinical, and biochemical parameters of the study participants are summarized in [Table 1](#T1){ref-type="table"}. The mean prepregnancy body weight, BMI, systolic BP (SBP), diastolic BP (DBP), mean levels of total bilirubin and copeptin, and mean activities of AST, ALT were significantly higher in women with preeclampsia compared with the controls. The mean copeptin level was more than 3 times higher in women with preeclampsia compared with the controls.

###### 

Characteristics of the study participants

![](NMJ-56-362-g001)

In [Table 2](#T2){ref-type="table"}, women with MP, SP, and controls were compared using ANOVA. It was observed that SBP, DBP, total bilirubin, copeptin, and activities of AST and ALT progressively increased from the controls through SP. Women with MP had significantly higher body weight, BMI, SBP, DBP, and copeptin level compared with controls, while body weight, BMI, SBP, DBP, mean levels of total bilirubin and copeptin, and mean activities of AST, ALT were higher in SP compared with the controls. However, SBP, DBP, mean levels of total bilirubin and copeptin, and mean activities of AST and ALT were higher in SP compared with MP.

###### 

Anthropometric, clinical, and biochemical data in women with severe and mild preeclampsia and controls

![](NMJ-56-362-g002)

Assessing the diagnostic property of copeptin for preeclampsia, it was observed that the area under the curve for copeptin was 0.99 (*P* = 0.000) \[[Figure 1](#F1){ref-type="fig"}\].

![Receiver operating characteristics curve for copeptin](NMJ-56-362-g003){#F1}

Selected outcomes are shown in [Table 3](#T3){ref-type="table"}. No maternal death or seizures were recorded in all the groups. None of the controls had abruptio placenta, but 9 SP and 3 MP had. In addition, 6, 2, and 1 still births were recorded in SP, MP, and controls, respectively \[[Table 3](#T3){ref-type="table"}\].

###### 

Maternal outcomes and fetal status at birth in women with preeclampsia and controls

![](NMJ-56-362-g004)

In [Table 4](#T4){ref-type="table"}, birth weight, infant length, Apgar score, and head circumference were significantly lower in neonates of women with preeclampsia when compared with the controls. Similarly, birth weight, infant length, Apgar score, and head circumference were significantly lower in neonates of SP compared with MP \[[Table 5](#T5){ref-type="table"}\].

###### 

Fetal and neonatal outcomes in women with preeclampsia and controls

![](NMJ-56-362-g005)

###### 

Fetal and neonatal outcomes in women with severe and mild preeclampsia, and controls

![](NMJ-56-362-g006)

In women with preeclampsia, copeptin had significant positive correlation with SBP, DBP, proteinuria, creatinine, AST, ALT, total bilirubin, and length of hospital stay \[[Table 6](#T6){ref-type="table"}\]. However, in neonates of women with preeclampsia, copeptin had significant negative correlation with birth weight, head circumference, Apgar score, infant length, and infant gestational age \[[Table 7](#T7){ref-type="table"}\].

###### 

Correlation between copeptin and selected clinical and biochemical parameters, in mothers with preeclampsia
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###### 

Correlation between copeptin and fetal/neonatal outcome from neonates of mothers with preeclampsia

![](NMJ-56-362-g008)

DISCUSSION {#sec1-4}
==========

Preeclampsia continues to be a major cause of maternal mortality, acute and long-term morbidities, perinatal deaths, preterm birth, and intrauterine growth restriction.[@ref5] In this study, prepregnancy body weight and BMI were elevated in women with preeclampsia compared with controls. This observation is in agreement with the report of Hauger *et al*.,[@ref17] which showed that high prepregnancy body weight increases the risk of developing preeclampsia.

The observed elevated BP (SBP and DBP) in women with preeclampsia compared with normotensive women and in SP compared with MP is not a novel finding. Preeclampsia has been identified as a hypertensive disorder, and hypertension is an important criterion in the diagnosis of preeclampsia. In normal pregnancy, there is a decrease in both SBP and DBP due to a decrease in systemic vascular resistance secondary to vasodilation. In preeclampsia, however, there is elevated BP due to increased level of angiotensin II accompanied by the exaggerated sensitivity of the blood vessels to the increased angiotensin II.[@ref18] Furthermore, derangement of endothelial derived vasoactive factors is thought to result in the predominance of substances that are vasoconstrictors over vasodilators in preeclampsia.

Elevated liver enzymes occur in 20--30% of pregnancies complicated by preeclampsia, and it is a component of HELLP counts syndrome which signifies SP.[@ref9] In this study, activities of AST and ALT were significantly higher in the preeclampsia group than the control group and in SP compared with MP. This observation, which could be attributed to periportal hemorrhagic lesion, indicates that the more the severity of preeclampsia, the higher the elevation in the plasma activities of the liver enzymes. Our observed higher bilirubin level in the preeclampsia group compared with control group and in SP compared with MP corroborates the report of Jaleel *et al*.[@ref19] This observation could be due to hemolysis, which is a component of HELLP syndrome.

The observed elevated serum copeptin level in women with preeclampsia compared with the controls and in SP compared with MP supports the report of Zulfikaroglu *et al*.[@ref10] They showed that plasma copeptin level was higher in women with preeclampsia compared to normotensive women and that a marked increase was observed with the severity of the disease. This observation could be due to activation of the neuroendocrine pathway involving the hypothalamic-pituitary-adrenal (HPA). Activation of the HPA axis by chronic psychosocial stress has been suggested as one of the mediators of the association between copeptin and preeclampsia.[@ref10] In addition, the observed elevated copeptin level was found to be diagnostic of preeclampsia. This observation is further supported by our observed positive correlation between copeptin and important components of preeclampsia such as SBP, DBP, proteinuria, creatinine, total bilirubin, and activities of AST and ALT in women with preeclampsia. Our observations indicate that copeptin could reliably predict preeclampsia and might be able to differentiate between MP and SP, as its concentration was higher in SP than MP. Earlier reports by Zulfikaroglu *et al*.[@ref10] and Santillan *et al*.[@ref16] showed that copeptin is a predictive biomarker for preeclampsia, as early as the first trimester, and it might be useful in the assessment of the severity of the disease.

Preeclampsia is a major obstetric problem causing substantial maternal and perinatal morbidity and mortality worldwide, especially in developing countries.[@ref2][@ref5] Out of the 90 women recruited for this study, 9 SP and 3 MP had abruptio placenta, but no maternal death or seizures were recorded. This suggests that abruptio placenta is more associated with SP. This has been attributed to uteroplacental insufficiency.[@ref20]

Low birth weight and length have been associated with increased risk of chronic diseases, mortality, and hospitalizations.[@ref21] Similarly, 5 min Apgar score \<7 has been shown to have a consistent association with neurologic disability and low cognitive function in early adulthood.[@ref22] In this study, there was a higher fetal death in women with preeclampsia compared with controls. A similar observation has been reported [@ref21] and this was attributed to the degree of hypoxia, which accompanies preeclampsia, especially when there is placental abruption which deprives the fetus of oxygen and nourishment and as a consequence, the fetus dies. The observed low birth weight, low gestational age, small infant length, low ponderal index, and small head circumference in infants of women with preeclampsia is in line with the report of Onyiriuka and Okolo.[@ref23] In addition, the observed significantly low Apgar score at 5 min in infants of women with preeclampsia supports the report of Kishwara *et al*.[@ref24] These poor neonatal outcomes have been attributed to uteroplacental insufficiency and inadequate transport of nutrients. These effects become more pronounced on the fetus as the pregnancy progresses and with the severity of preeclampsia, due to the inability of the uterine vasculature to keep up with the increased amount of blood and nutrients necessary for fetal development.[@ref25] Perhaps, this explains our observed poorer fetal/neonatal outcomes in infants of SP compared with MP. Therefore, the more SP is, the poorer the fetal/neonatal outcomes.

The observed significant negative correlation between maternal serum copeptin and some fetal/neonatal outcomes suggests that the higher the maternal serum level of copeptin, the lower the birth weight, ponderal index, head circumference, Apgar score, infant length, and infant gestational age. This inverse relationship could be due to stress-mediated HPA axis activation (regulated by AVP or copeptin), which may precipitate or induce other known humoral, vascular, immune, and morphological mechanisms of preeclampsia.[@ref16]

It must be noted that small sample size was a major limitation of this study. Studies with a larger population are thus desirable to confirm our findings.

It could be concluded from this study that there is elevated maternal copeptin level in preeclampsia, which increases with severity. Furthermore, copeptin level in the third trimester could predict preeclampsia and its elevation is associated with adverse perinatal outcome.
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